Background Adipocytokines are associated with energy homeostasis and mediate various immune responses and inflammatory processes. Vaspin is a novel adipocytokine that is thought to exhibit anti-inflammatory effects. Aim We aimed to evaluate serum vaspin levels in inflammatory bowel disease (IBD) and determine its possible associations with the course and to clarify its intestinal localization. Methods Serum samples were obtained from patients with Crohn's disease (CD; n = 30) and ulcerative colitis (UC; n = 33) and from healthy volunteers (controls; n = 26). Enzyme-linked immunosorbent assays were performed for all patients. Vaspin immunohistochemical staining was performed for intestines affected with IBD. Results Serum vaspin concentrations were significantly higher in patients with UC than in patients with CD and controls (422.9 ± 361.9 vs. 163.4 ± 116.2 vs. 147.5 ± 89.4 pg/mL, respectively; P \ 0.01). There was no difference in the serum vaspin concentrations between the patients with CD and controls. There was also no difference in the serum vaspin concentrations between the patients with active IBD and those with inactive IBD. However, the serum vaspin concentrations of most patients with UC increased after remission induction. Vaspin was expressed in the adipocytes of the mesenteric adipose tissues but not in the epithelial or inflammatory cells of large intestines of the patients with IBD.
Introduction
Since the discovery of leptin [1] , the first adipocytokine, in 1994, adipose tissue has emerged as an important endocrine organ. Novel adipocytokines such as adiponectin [2, 3] , resistin [4] , and visfatin [5] have been subsequently discovered. Adipose tissue has also been shown to secrete physically active substances such as tumor necrosis factora (TNF-a) and plasminogen activator inhibitor-1 [6] . Adipocytokines function in both the metabolic and immune systems. In the former, they are involved in insulin sensitivity and resistance; in the latter, they exert inflammationpromoting and inflammation-inhibiting effects. Interestingly, adipocytokines secreted from the same adipose tissues can have completely opposite actions.
Although dramatic advances have been made in determining the pathology of inflammatory bowel diseases (IBD) such as Crohn's disease (CD) and ulcerative colitis (UC), a clear cause remains elusive. The recent identification of the actions of adipocytokines on the metabolic and immune systems has raised questions regarding the associations between IBD, adipose tissues, and adipocytokines. It has long been recognized that hypertrophied mesenteric adipose tissues surround the periphery of the diseased intestine in CD [7] . These ''fat wrapping'' tissues cross over the mesenteric attachment and cover C50 % of the intestinal periphery. However, the underlying cause and pathology of the CDspecific mesenteric adipose tissue enlargement have not been clearly elucidated. Desreumaux et al. [8] reported significant enhancements in the expression of peroxisome proliferator-activated receptor-c, which plays an important role in fat synthesis, as well as the inflammation-promoting cytokine TNF-a within these enlarged mesenteric adipose tissues. Intestinal inflammation may be induced by the enhanced expression of TNF-a in these mesenteric adipose tissues. Various concentrations of serum adipocytokine were comparatively examined in patients with IBD, and their clinical applications were studied. Therefore, IBD and adipose tissues may be strongly associated with adipocytokines and may influence various etiologies and pathologies.
Vaspin is an adipocytokine that is expressed in the visceral fat tissues of the Otsuka Long-Evans Tokushima Fatty rat (OLETF), an animal model of obesity and type 2 diabetes [9] . Vaspin is a serine protease inhibitor consisting of 412-415 amino acids that exhibits 40.5 % homology with a1-antitrypsin. Vaspin is also a pure adipocytokine that is not expressed in other organs. Animal studies have demonstrated that vaspin enhances insulin sensitivity and displays anti-inflammatory actions. However, no studies thus far have reported on the association between vaspin and IBD. Here, we aimed to elucidate the role of vaspin in IBD by measuring serum vaspin concentrations and clarifying its intestinal localization.
Materials and Methods

Patients
We studied inpatients and outpatients treated at the Nagasaki University Hospital between August 2009 and May 2011. This study included 30 patients with CD and 33 patients with UC. Twenty-six healthy volunteers were recruited into the study as controls. No differences were noted in baseline characteristics such as gender and age. Nine patients with CD had a Crohn's disease activity index (CDAI) score C150, while 8 patients with UC had a clinical activity index (CAI) score C6. Infliximab and 5-aminosalicylic acid (5-ASA) formulations were the most common treatments administered to the patients with CD, while steroid immunosuppressants and 5-ASA were the most commonly used treatments in patients with UC (Table 1) .
Serum samples were collected in ethylenediaminetetraacetic acid (EDTA) tubes and preserved at -80°C until use.
Mesenteric adipose tissue specimens were obtained from 9 patients with UC, 9 with CD, and 7 with colon cancer who had undergone surgical resection. These samples were sonicated in Tissue Protein Extraction Reagent (T-PER; Thermo Scientific, Rockford, IL, USA) with a protease inhibitor (Calbiochem, San Diego, CA, USA). Homogenates were incubated for 10 min at 4°C and then centrifuged at 16,000g for 10 min at 4°C. The supernatants were collected and stored at -80°C until use. The study protocol was approved by the medical ethics committee of Nagasaki University. Written informed consent was obtained from the participants in accordance with the Helsinki Declaration.
Measurement of Vaspin Level
Vaspin concentrations in serum and homogenate supernatants of adipose tissues were measured by enzyme-linked 
Immunohistochemical Staining
To confirm vaspin expression in the intestines and mesenteric adipose tissues, vaspin immunostaining was performed using tissue sections from patients with IBD who underwent intestinal resection. The sections were autoclaved for 15 min at 120°C in 10 mM citrate buffer (pH 6) for antigen retrieval. The sections were then incubated with a rabbit antivaspin (63-104) antibody (Phoenix Pharmaceuticals, Burlingame, CA, USA) diluted 1:500 overnight at 4°C.
Statistical Analysis
For the statistical analysis, a Kruskal-Wallis test (Dunn's post hoc test) was used for multi-group comparisons, while a Mann-Whitney U test, Wilcoxon signed-rank test, or Student's t test was used for intergroup comparisons. Values of P \ 0.05 were considered statistically significant.
Results
Elevated Serum Vaspin Concentrations in Patients with UC
The serum vaspin concentrations of the patients with UC were significantly increased compared to those of patients with CD and controls (422.9 ± 361.9 vs. 163.4 ± 116.2 vs. 147.5 ± 89.4 pg/mL, respectively; P \ 0.01). The serum vaspin concentrations did not differ significantly between the patients with CD and controls (Table 1; Fig. 1) .
Differences in the serum vaspin levels were then evaluated according to disease activity. In the patients with CD, there was no significant association between the CDAI scores and serum vaspin levels (Fig. 2a) . Likewise, in the patients with UC, there was no association between the CAI scores and serum vaspin levels (Fig. 2b) . The serum vaspin levels were not significantly associated with disease extent and clinical course in the patients with UC (see Appendix 2 in Supplementary material). In addition, the serum vaspin levels were not significantly associated with white blood cell (WBC) counts and C-reactive protein (CRP) levels in the patients with CD or UC. Moreover, the serum vaspin levels were not significantly associated with the body mass index values of the CD, UC, or control groups.
We compared the serum vaspin levels in the same patients at acute relapse (before treatment) and after the induction of remission (after treatment; administration of prednisolone, tacrolimus, 5-ASA, cyclosporine, azathioprine and/or leukocytapheresis) (see Appendix 1 in Supplementary material). All 11 patients with UC (CAI scores C6) had increased serum vaspin levels after treatment (P \ 0.01; Fig. 3 ). In order to examine whether the vaspin increase was treatment-specific, we divided patients into two subgroups according to the treatment regimen: steroid group (n = 6) and other medication group (n = 5). In both groups, the serum vaspin levels significantly increased after treatment (P \ 0.05; Fig. 4 ).
Vaspin Expression in the Mesenteric Adipose Tissue Adipocytes of Patients with IBD
To identify the localization of vaspin, immunostaining was performed for tissue sections from patients with IBD who had undergone intestinal resection. Vaspin was strongly expressed in the adipocytes but not in stromal vessels of the mesenteric adipose tissues or the epithelial and (pg/mL) P < 0.01 P < 0.01
Serum vaspin concentration inflammatory cells of the large intestines of the patients with UC and CD (Fig. 5 ).
Vaspin Concentration in Mesenteric Adipose Tissue
The mean vaspin concentration in mesenteric adipose tissues of patients with UC was higher than that in patients with colon cancer or CD, similar to the serum vaspin concentrations. However, these differences were not significant (Fig. 6 ).
Discussion
Numerous studies have evaluated serum adipocytokine concentrations in patients with IBD. Luzia et al. [10] reported that patients with active UC had significantly higher serum concentrations of resistin and visfatin compared to healthy subjects and patients with CD, and that the serum adiponectin concentrations were significantly lower in the patients with CD and UC than in healthy subjects. Nishi et al. [11] reported that the serum leptin concentrations were not significantly different between patients with CD, patients with UC, and healthy subjects. The current study is the first to measure the vaspin concentrations of serum and mesenteric adipose tissue in patients with IBD. The serum vaspin concentrations were significantly higher in patients with UC than in patients with CD and healthy subjects. The vaspin concentrations in mesenteric adipose tissues of patients with UC were also higher than those in patients with CD or colon cancer. Recent clinical studies have reported high serum vaspin levels in patients with type 2 diabetes [12] , non-alcoholic fatty liver disease (NAFLD) [13] , and chronic rheumatoid arthritis [14] and low vaspin concentrations in patients with ischemic heart disease [15] and chronic hepatitis C [16] relative to healthy subjects. No difference in serum vaspin levels was detected in patients with Kawasaki disease [17] , Behcet's syndrome [14] , and psoriasis [18] . These differences may suggest that serum vaspin concentrations are disease-specific to some extent. Since the vaspin concentrations were high only in the patients with UC and not in those with CD, the evaluation of vaspin concentration may be helpful in the auxiliary diagnosis of UC and for differentiating between CD and UC. Although serum vaspin levels do not appear to be associated with disease activity in CD or UC, their increase was parallel to the clinical improvement observed in patients after treatment, suggesting that this measurement may become an index of treatment efficacy in patients. The observed upregulation of vaspin may reflect the suppression of inflammation after treatment. Auguet et al. [19] showed an inverse association of vaspin with inflammatory mediators such as IL-6 and lipocalin 2. Ozgen et al. [14] also demonstrated a positive association of vaspin with adiponectin, which has an anti-inflammatory effect. Considering that proinflammatory and anti-inflammatory adipocytokines coexist in the same adipose tissues, a type of A B Fig. 4 feedback mechanism may function among adipocytokines. Recently, Klaasen et al. [20] demonstrated that glucocorticoid treatment resulted in increased serum adiponectin, leptin, and vaspin levels in patients with rheumatoid arthritis, although adalimumab treatment did not alter these levels. The investigators speculated that the changes in the adipocytokine levels in their cases were treatment-specific. When we compared the steroid group and the other medication group in the present study, the serum vaspin levels significantly increased after treatment in both groups. Although we did not have a sufficiently high number of patients with UC on treatment with simple medications, we could not determine the treatment-specific effect reflected by the increase in vaspin concentration. Larger prospective studies comparing changes in vaspin levels in patients with UC after the initiation of glucocorticoid treatment to that after other treatments are essential to clarify the effects of specific treatment regimens or the clinical course on vaspin levels. It remains uncertain which cells are responsible for increased serum vaspin levels in patients with UC. Lee et al. [21] demonstrated that vaspin mRNA expression was adipocyte-specific in abdominal adipose tissue. The current study confirmed vaspin protein expression in adipocytes but not in stromal vessels of IBD mesenteric adipose tissues by immunostaining (Fig. 6) . Recently, Saalbach et al. [18] demonstrated that vaspin protein was expressed not only in adipose tissue but also in keratinocytes of human skin. However, in this study, we could not observe vaspin expression in the epithelium of the large intestines in patients with IBD. The major source of intestinal vaspin is likely the mesenteric adipose tissue-derived adipocytes.
Hida et al. [9] demonstrated that recombinant vaspin administration improved insulin sensitivity and glucose tolerance, decreased the gene expression of proinflammatory adipocytokines such as leptin, resistin, and TNF-a, and increased the expression of the anti-inflammatory adipocytokine adiponectin in obese mice. Vaspin may be involved in the regulation of intestinal inflammation. Because of vaspin can suppress the expression of proinflammatory adipocytokines such as TNF-a [22] , it may exhibit anti-inflammatory actions against intestinal inflammation and is expected to become a future therapeutic target. . The vaspin concentration in mesenteric adipose tissues of patients with UC was higher than that in patients with CD or CC, similar to the serum vaspin concentrations. However, these differences were not significant
